Introduction
============

Ovarian carcinoma demonstrates a consistently increasing occurrence rate, making it the deadliest female reproductive issue. The disease is complicated by various issues including the non-appearance of specific side effects, a lack of specific screening, and chemoresistance.[@b1-ott-12-021] Chemotherapy is the main treatment option for ovarian cancer that is diagnosed at stage 3 or 4 and has a poor prognosis.[@b2-ott-12-021],[@b3-ott-12-021] At the beginning of chemotherapy, ovarian carcinoma is generally responsive, but the reduced effectiveness of chemotherapy over time is caused by increased resistance to programmed cell death in cancer cells and/or the discontinuation of therapy.[@b4-ott-12-021] The toxicity of anticancer drugs involves the destruction of rapidly dividing cells.[@b5-ott-12-021] The side effects of such drugs often result in a decrease in dose or a delay/cessation in treatment. To date, methotrexate (MTX) has been used in the treatment of various malignancies including Hodgkin's lymphoma, childhood acute lymphocytic leukemia, osteosarcoma, head and neck cancer, and ovarian, prostate, lung and breast malignancies.[@b6-ott-12-021] MTX is an antimetabolic drug and can successfully deactivate cell metabolism through apoptosis.[@b7-ott-12-021] It hinders intracellular folate metabolism and obstructs the synthesis of thymine and purines, prompting the hindrance of tumor development and the initiation of cell death through possible genotoxic effects or apoptosis.[@b8-ott-12-021]

MTX has a narrow therapeutic index, and its toxicity has been reported in various organ systems. It demonstrates nephrotoxicity, leukemic toxicity, and central nervous system toxicity.[@b9-ott-12-021] Therefore, established therapeutic ranges for MTX account for its functional amino acid group to protect against genotoxic damage. MTX can stimulate reactive oxygen species (ROS) generation, which may be a possible mechanism underlying its apoptotic induction.[@b10-ott-12-021] ROS levels can affect cell proliferation. When intracellular ROS levels are greater than a specific limit, ROS hinders the cell cycle and induces DNA damage, prompting cell apoptosis.

Mitochondria assume a major role in cell apoptosis. The mitochondrial pathway prompts ROS aggregation on membrane phospholipids and a reduction in mitochondrial membrane potential (MMP). Depolarization of mitochondria, along with fragmented nuclei,[@b11-ott-12-021] modulates the bax/bcl-2 ratio, leading to mitochondrial permeabilization. Apoptosis-mediated DNA damage stimulates the upregulation of bax, which translocates to mitochondria and suppresses the action of bcl-2.[@b12-ott-12-021] Moreover, the release of cytochrome-c (cyt-c) results from the opening of the mitochondrial permeability transition pore. Overexpression of bax triggers a release of cyt-c from mitochondria.[@b13-ott-12-021] In the current study, we investigated the following: 1) the antiproliferative potential of MTX, 2) ROS generation and DNA damage induced by MTX, and 3) the role of bax/bcl-2-cyt-c levels in apoptotic cell death.

Materials and methods
=====================

Reagents and cell culture
-------------------------

Human ovarian adenocarcinoma (SKOV-3) cell line was procured from American Type Culture Collection (Manassas, VA, USA). McCoy's 5a media, fetal bovine serum (FBS), 0.05% trypsin-EDTA solution (1×), antibiotic-antimycotic solution (100×), and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-nyl-2H-tetrazolium bromide were purchased from Thermo Fisher Scientific (Waltham, MA, USA). Phosphate and carbonate buffers, acridine orange (AO), ethidium bromide (EtBr), JC-1 stain (Enzo Life Sciences. Lausen, Switzerland), mitotracker (Thermo Fisher Scientific).

The cells were maintained in McCoy 5A culture medium supplemented with 10% FBS, antibiotics, and antimycotic solution in a humidified atmosphere containing 5% CO~2~ at room temperature and then subcultured 48 hours before use. Exponentially growing cells (1×10^4^) were plated per well in 96-well microtiter plates (each 100 µL) and incubated for 24 hours for MTT assay. MTX (1 mM) stock solutions were prepared in dimethyl sulfoxide and mixed with fresh McCoy 5A culture medium.

Morphology of SKOV-3 cells and cell proliferation assay
-------------------------------------------------------

The morphology of SKOV-3 cells after MTX exposure was observed using phase-contrast microscopy (Nikon Eclipse TE 2000; Nikon Corporation, Tokyo, Japan). The anti-proliferation and cytotoxic effects of MTX on SKOV-3 cells were assessed using the MTT dye uptake technique.[@b14-ott-12-021] Briefly, 1×10^5^ cells/well were seeded in a 96-well plate for 24 hours at 37°C. Then, MTT solution (5 mg/mL) was added to each well. After reaching 80% confluency, the cells were treated using various doses of MTX (1, 5, 10, 15, 20, 25, and 50 µM). The OD value of the MTT-stained culture plate was measured using a Bio-Rad microplate reader (Model 550) at 570 nm. The median maximal inhibitory concentration (IC~50~) value (ie, the concentration of MTX needed to inhibit half of the maximum biological response) was estimated using the plot of these OD values.

Determination of intracellular ROS generation
---------------------------------------------

An estimation of intracellular ROS in SKOV-3 cells treated using MTX was performed using the 2′,7′-dichlorofluorescin diacetate dye method.[@b15-ott-12-021] The SKOV-3 cells (1×10^5^ cells/well) were seeded in six-well plates and dark 96-well plates and incubated overnight to attach. After reaching 70% confluency, cells were treated using MTX (15, 25, and 50 µM) for 24 hours. Carboxy 2′,7′-Dichlorofluorescin diacetate (H2-DCFDA) (5 µM) in Hanks' Balanced Salt Solution (HBSS) was added for 30 minutes at room temperature. The level of intracellular ROS was validated through the administration of N-acetyl cysteine (NAC) (10 µM) as a specific quencher. The ROS generation results were assessed using a fluorescence microplate reader (FLUO star Omega; BMG Labtech, Ortenberg, Germany) at 485 nm excitation and 520 nm emission. Qualitative ROS images were captured through fluorescence microscopy at 485 nm excitation and 520 nm emission.[@b15-ott-12-021]

MMP assay
---------

To investigate the MMP, the fluorescent JC-1 dye was used by following Saeed et al's protocol.[@b16-ott-12-021] There was a decrease in red/green fluorescence intensity ratio, an indication of mitochondrial depolarization by a fluorescence emission shift from green (529 nm) to red (590 nm). Healthy cells are in red while apoptotic cells are in green.

Cells were grown in six-well plates (1.5×10^5^ cells/well) and treated with MTX (15, 25, and 50 µM). After 24 hours incubation, 5 mM JC-1 stain was added to each well and incubated at room temperature for 30 minutes, and images were visualized by fluorescence microscope (Nikon Eclipse 80i with Nikon DS-Ri1 12.7-megapixel camera; Nikon Corporation).

The quantitative result was examined by using a fluorescence microplate reader (FLUO star Omega; BMG Labtech) at 529 nm excitation and 590 nm emission.

Mitotracker/DAPI staining
-------------------------

The integrity of mitochondria was examined by using mitotracker fluorescent dye following the protocol.[@b17-ott-12-021] In brief, after exposure to MTX (15, 25, and 50 µM) for 24 hours, SKOV-3 cells were incubated with mitotracker (100 mM) at room temperature for 15 minutes. The cells were then fixed in 4% paraformaldehyde for 20 minutes, permeabilized in Triton X-100 (0.1%) for 20 minutes, and stained with DAPI (0.1 µg/mL) for 5 minutes at room temperature, that is, targeting DNA in the cell nucleus, photographs were taken by fluorescence microscope (Nikon Eclipse 80i with Nikon DS-Ri1 12.7 megapixel camera).

Morphological assessment of apoptotic cells by AO/EtBr staining
---------------------------------------------------------------

The SKOV-3 cell death induced by MTX was determined by AO and EtBr staining followed by Kitazumi et al protocol.[@b18-ott-12-021] SKOV-3 cells were exposed to MTX (15, 25, and 50 µM) for 24 hours. After incubation, the treated cells were trypsinized and centrifuged at 1,500 rpm for 5 minutes. The cells were then re-suspended in cold PBS and again centrifuged at 1,500 rpm for 5 minutes to obtain fresh clean pellets. The pellets were mixed with fluorescent dye staining solution, that is, cocktail of AO/EtBr (1:1). The freshly stained cell suspension was dropped onto a glass slide and observed under a fluorescence microscope (Nikon Eclipse 80i with Nikon DS-Ri1 12.7 megapixel camera). The morphological criteria used for the classification of healthy, apoptotic, and necrotic cells are according to the recommendations from the INHAND Apoptosis/Necrosis Working Group.[@b19-ott-12-021]

Assessment of DNA damage using single-cell gel electrophoresis
--------------------------------------------------------------

The cells treated with MTX (15, 25, and 50 µM) were harvested with 0.06% trypsin.[@b20-ott-12-021] Single-strand DNA damage was determined by a three-layer procedure. In brief, 1.5×10^5^ cells/well were seeded in a six-well plate. After 70%--80% confluency, cells were treated with MTX. The cells were then scored using an image analysis system (Komet-5.0; Kinetic Imaging, Liverpool, UK) connected to a fluorescent microscope (DMLB; Leica Microsystems, Wetzlar, Germany). About 100 cells per concentration (50 cells per slide) were analyzed. The DNA lesion in the cells was quantified as % tail DNA (head DNA) and olive tail moment (OTM).

RNA isolation, cDNA synthesis, and reverse transcription polymerase chain reaction (RT-PCR) analysis
----------------------------------------------------------------------------------------------------

Total RNA was isolated by using phenol-chloroform by TRIzol (Thermo Fisher Scientific) method. Concentration and purity of the RNA were determined by nano-drop spectrophotometer at 260 nm (DS-11; Bio-Rad Laboratories Inc., Hercules, CA, USA). For real-time PCR, cDNA was synthesized by high-capacity cDNA reverse transcription kit (RevertAid First Strand cDNA Synthesis Kit; Thermo Fisher Scientific). The quantitative real-time PCR analysis was done for bax, bcl-2, and cyt-c mRNA using ABI-sequence detection system (PE Applied Biosystems, Foster City, CA, USA).

Primer sequences of apoptotic genes are listed in [Table 1](#t1-ott-12-021){ref-type="table"}. Real-time PCR conditions such as initial denaturing for 5 minutes at 95°C followed by 30 cycles, 95°C for 10 second and 50°C for 1 minute, and the cycle threshold (Ct) values were standardized to the housekeeping gene (*GAPDH*), and the fold change was calculated by using ^∆∆^Ct method.[@b21-ott-12-021] Each sample was assayed in duplicates.[@b22-ott-12-021]

Statistical analysis
--------------------

All data are presented as mean ± standard errors (mean ± SE). Statistical analysis of the results was performed by one-way analysis of variance followed by post hoc as significance analysis. *P*-value \<0.01 was considered significant. All the analyses were carried out on the SPSS 16.0 version (SPSS Inc., Chicago, IL, USA).

Results
=======

MTX reduces the cell viability of the SKOV-3 cell
-------------------------------------------------

After exposure to MTX, the morphology of SKOV-3 cell lines did not change at lower concentration but at 25 µM and at 50 µM, MTX exposure cells become round shape and detached from the surface of the culture plates ([Figure 1A--C](#f1-ott-12-021){ref-type="fig"}).

To evaluate the anticancer effect of MTX in SKOV-3 cell lines, the cell viability assays were performed in SKOV-3 cell lines. The antiproliferative effect of MTX at various concentrations on the SKOV-3 cell was determined by using MTT assay. MTT attributed no significant reduction in cellular proliferation till the 25 µM but at 50 µM it showed IC~50~ in SKOV-3 cells ([Figure 1D](#f1-ott-12-021){ref-type="fig"}).

MTX treatment induces ROS generation in SKOV-3 cells
----------------------------------------------------

SKOV-3 showed a significant concentration increase in the generation of ROS in terms of 2′,7′-dichlorofluorescein (DCF) fluorescence intensity, fluorescence intensity increase to 50% in MTX (50 µM)-treated group after 24 hours exposure compared to control. We predicted that the anticancer effects of different concentration of MTX might be due to the production of ROS in SKOV-3 cells ([Figure 2A--C](#f2-ott-12-021){ref-type="fig"}). The results corroborated that MTX-induced ROS was a critical factor for human ovarian adenocarcinoma SKOV-3 cell death.

MTX treatment causes mitochondrial membrane depolarization in SKOV-3 cells
--------------------------------------------------------------------------

We explored the subcellular localization of mitochondria by mitotracker Red CMX-Ros and DNA by DAPI. The fluorescent microscopy results demonstrated that loss of MMP (green intensity) in parallel to DNA fragmentation (blue intensity) ([Figure 3A and B](#f3-ott-12-021){ref-type="fig"}) in MTX (50 µM) concentration. For further confirmation of MMP, the SKOV-3 cells were stained with mitotracker/DAPI staining. In control, the mitochondrial membrane intact while in MTX exposure (15, 25, and 50 µM) showed loss of membrane integrity in a dose-dependent manner, and it confirms the release of cyt-c from the mitochondria ([Figure 4A--D](#f4-ott-12-021){ref-type="fig"}).

MTX induces apoptosis in SKOV-3 cells
-------------------------------------

The measure depends on nuclear morphology, particularly for apoptosis. The live cells showed typical nuclear chromatin with green fluorescence while apoptotic cells contain divided DNA (orange shading). Control cells showed typical morphology while MTX represented apoptotic cells ([Figure 5A](#f5-ott-12-021){ref-type="fig"}). The impact of MTX treatment indicated upgraded apoptosis which was estimated by EtBr/AO morphological analysis in SKOV-3 cells ([Figure 5B](#f5-ott-12-021){ref-type="fig"}).

MTX-induced DNA damage in SKOV-3 cells
--------------------------------------

DNA damage was examined as % tail DNA and OTM in MTX-treated and control cells. It separates the dense in the core DNA head and dispersed in fragmented pieces framing the DNA tail. The results showed significant increment (12.1) fold in the formation of % tail DNA and OTM in MTX in contrast with control MTX ([Figure 6A and B](#f6-ott-12-021){ref-type="fig"}).

Alteration in bax, bcl-2, and cyt-c release in MTX-treated SKOV-3 cells
-----------------------------------------------------------------------

The apoptotic marker genes such as *bax*, *bcl-2*, and *cyt-c* were observed by RT-PCR in MTX-treated and control cells. The pro-apoptotic mRNA bax showed considerable (*P*\<0.01) change in MTX-exposed compare to control cells ([Figure 7A](#f7-ott-12-021){ref-type="fig"}). However, an insignificant (*P*\<0.01) change was observed in antiapoptotic bcl-2 mRNA ([Figure 7B](#f7-ott-12-021){ref-type="fig"}) and a significant (*P*\<0.01) upregulation of cyt-c in treated SKOV-3 cells than control ([Figure 7C](#f7-ott-12-021){ref-type="fig"}). This change in gene expression was reasonably connected with ROS actuated DNA damage and apoptosis in SKOV-3 cells after 24 hours incubation. As shown in MTT, the capability of MTX to inhibit SKOV-3 cell growth suggests that this MTX has a selective program cell death activity toward SKOV-3 cells.

Discussion
==========

Ovarian carcinoma can be treated using classical cytotoxic drugs, which makes it an attractive model cancer. MTX is a primary chemotherapeutic drug and can be used alone or in combination with other anticancer drugs. It was reported that the MTX-treated choriocarcinoma reaction response was 90%.[@b23-ott-12-021] The cytotoxicity and apoptotic mechanism of MTX in SKOV-3 cells were investigated in the current study. MTX affected the viability of SKOV-3 cells, and the IC~50~ value was found to be 50 µM. Moreover, no correlation between the IC~50~ values and the cellular doubling times was observed (data not shown). A perfect anticancer drug must be cytotoxic to growing cells and specific for cancer cells.[@b24-ott-12-021] Our MTT assay revealed that the proliferation of SKOV-3 cells was repressed by MTX.

ROS and mitochondria have lately attracted extensive scientific interest because of their fundamental role in apoptosis in many diseases. ROS is an intrinsic stimulus that instantly or in an indirect way activates the mitochondrial pathway through cyt-c discharge and the development of the apoptosome.[@b25-ott-12-021] MTX is involved in nucleotide metabolism and thereby exerts its cytotoxic effects,[@b26-ott-12-021] for example, by elevating ROS production resulting in DNA damage and impaired MMP and initiating the apoptotic (bax, bcl-2, and cyt-c release) cascade. Elevated levels of ROS contribute to stress sensing, and ROS accumulates on the phospholipid membrane and is ultimately oxidized. The mitochondrial membrane may induce disturbance of the MMP, which is an early sign of mitochondrial changes. The moderately, albeit significantly, increased levels of intracellular ROS in MTX-treated SKOV-3 cells are closely associated with MTX-mediated apoptosis. These increased ROS levels resulted in cell permeability, DNA damage, and cyt-c release from the mitochondria into the cytosol, as shown using DAPI and a mitotracker dye, and RT-PCR analysis showed an upregulation of bax and a downregulation of bcl-2. A previous study demonstrated that following exogenous and endogenous signals, mitochondria open the mitochondrial permeability transition pore, and this has been associated with increased mitochondrial permeability and loss of MMP.[@b27-ott-12-021]

Therefore, the role of mitochondria in early apoptosis events was examined in SKOV-3 cells by investigating MMP in the context of mitochondrial apoptotic factors such as the release of cyt-c. We used JC-1, which is a pH subordinate dye indicator of MMP, and which emits red fluorescence (aggregate form) in healthy mitochondria and green fluorescence (monomeric form) in injured mitochondria. JC-1 staining in the SKOV-3 cell line demonstrated the MMP decay produced by MTX ([Figure 3](#f3-ott-12-021){ref-type="fig"}). Nuclear condensation and DNA fragmentation are characteristics of apoptosis. An AO/EtBr staining assessment depends on nuclear morphology and is specific for apoptosis and necrosis. AO/EtBr staining showed that live cells demonstrated ordinary nuclear staining and green chromatin with organized structures; however, apoptotic cells contained fragmented chromatin (orange).[@b28-ott-12-021] Our results are in excellent agreement with those suggesting that MTX could influence MMP, resulting in cell death ([Figure 4](#f4-ott-12-021){ref-type="fig"}). The collapse of MMP is a catastrophic process. It leads to the opening of the mitochondrial permeability transition pores in the mitochondrial membrane and the subsequent release of cyt-c in the cytosol, which in turn triggers other downstream events in the apoptotic cascade.

Moreover, the mechanism of mitochondrial permeabilization involves a family of pro-bax and antiapoptotic bcl-2 genes. The release of cyt-c induces caspase activation, ultimately resulting in programmed cell death.[@b29-ott-12-021] Our transcriptional study showed that increasing the bax/bcl-2 ratio favored apoptosis via the release of cyt-c. The mechanism underlying MTX-mediated apoptosis in SKOV-3 cells was demonstrated in the current study, which involves an ROS-dependent mitochondrial pathway. We conclude that MTX increases ROS levels twofold compared with a control, causing DNA damage and altering cyt-c release and the expression of bax and bcl-2. These data demonstrate that MTX elevates ROS levels, and the resultant DNA damage triggers apoptosis via mitochondrial membrane depolarization and the subsequent release of cyt-c and bax/bcl-2 activation. The bcl-2 family plays an important role in programmed cell death. Changes in the quantitative relationship between bax and bcl-2 (proapoptotic/antiapoptotic) activate the mitochondrial apoptotic pathway.[@b30-ott-12-021] Our RT-PCR analysis showed that MTX treatment resulted in a significant (*P*\<0.01) increase in the expression of pro-apoptotic bax and insignificant (*P*\<0.01) expression of bcl-2, stimulating a significant (*P*\<0.01) release of cyt-c ([Figure 6](#f6-ott-12-021){ref-type="fig"}).

Our findings suggest that MTX acts on SKOV-3 cancer cells by increasing intracellular ROS levels, leading to DNA damage and altering the MMP along with apoptotic gene upregulation. This mechanism may provide new therapeutic targets to improve tumor treatment.
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![Morphological changes in SKOV-3 cells exposed to methotrexate. (**A**) Control SKOV-3 cells. (**B**) SKOV-3 cells exposed to 25 µM methotrexate. (**C**) SKOV-3 cells exposed to 50 µM methotrexate. Magnification 40×. (**D**) Antiproliferative potential of methotrexate analyzed by MTT assay in terms of % cell viability. \**P*\<0.001 -- when treated contrasted with control.](ott-12-021Fig1){#f1-ott-12-021}

![(**A**) Qualitative intracellular ROS generation in MTX (5, 25, and 50 µM) treatment after the incubation of 24 hours on SKOV-3 cell line. Magnification 40×. (**B**) Percentage ROS production due to MTX in cells. (**C**) Quantitative distinguishing of intracellular ROS by N-acetyl-1-cysteine (100 µM) in treatment conditions as MTX (15, 25, and 50 µM). Each value represents the mean ± SE of three experiments. \**P*\<0.01 vs control.\
**Abbreviations:** MTX, methotrexate; NAC, N-acetyl-L-cysteine; ROS, reactive oxygen species.](ott-12-021Fig2){#f2-ott-12-021}

![The qualitative and quantitative examination of mitochondrial membrane potential after exposure to different concentration of MTX SKOV-3 cells by using JC-1 stain (2 µg/mL). (**A**) Control SKOV-3 cells. (**B**) SKOV-3 cells treated with MTX (15 µM). (**C**) SKOV-3 cells treated with MTX (25 µM). (**D**) SKOV-3 cells treated with MTX (50 µM). The fluorescence image was obtained by using fluorescence microscope. Magnification 40×. (**E**) Depolarized MMP (%) in SKOV-3 cells treated with MTX (0, 15, 25, and 50 µM). Values exhibited are mean of three perceptions ± SE. \**P*\<0.01 -- when treated contrasted with control.\
**Abbreviations:** MMP, mitochondrial membrane potential; MTX, methotrexate.](ott-12-021Fig3){#f3-ott-12-021}

![Staining of SKOV-3 cells with mitotracker/DAPI. (**A**) Control cells. (**B**) 15 µM MTX-exposed cells. (**C**) 25 µM MTX-exposed cells. (**D**) 50 µM MTX-exposed cells. The treatment shows the maximum number of ruptured mitochondria that correlate with increased cell death. Scale bars are 50 µm.\
**Abbreviation:** MTX, methotrexate.](ott-12-021Fig4){#f4-ott-12-021}

![(**A**) The AO/EtBr probe staining for SKOV-3 cells represents the apoptosis and necrosis. The cells were treated with MTX (15, 25, and 50 µM) and without treatment (control) incubated for 24 hours. Magnification 40×. (**B**) Percentage of apoptotic and necrotic cells (%) after exposure to MTX (15, 25, and 50 µM) for 24 hours. \**P*\<0.01 -- when treated contrasted with control.\
**Abbreviations:** AO, acridine orange; EtBr, ethidium bromide; MTX, methotrexate.](ott-12-021Fig5){#f5-ott-12-021}

![DNA damage was measured by Comet assay. The SKOV-3 cells were treated with MTX (0, 15, 25, and 50 µM). (**A**) Percentage of DNA damage in the form of tail DNA and olive tail moment. (**B**) Fluorescence image demonstrated the development of tail DNA in MTX treatment. Values presented are the mean of three perceptions ± SE, \**P*\<0.01 when exposed cell compared with control. Scale bars are 50 µm.\
**Abbreviation:** MTX, methotrexate.](ott-12-021Fig6){#f6-ott-12-021}

![RT-PCR examines the transcript levels of bax, bcl-2, and cyt-c (apoptosis marker) after treatment with MTX. (**A**) Exposure of MTX (0, 15, 25, and 50 µM) shows significant (*P*\<0.01) increase in bax mRNA level expression in SKOV-3 cells. (**B**) A slight significant (*P*\<0.01) change was observed in bcl-2 mRNA level expression in SKOV-3 cells. (**C**) A significant (*P*\<0.01) change was observed in cyt-c mRNA level expression in SKOV-3 by standardization with GAPDH. The qualities introduced are mean of three perception ± SE. \**P*\<0.01 -- when contrasted with control.\
**Abbreviations:** MTX, methotrexate; RT-PCR, reverse transcription polymerase chain reaction.](ott-12-021Fig7){#f7-ott-12-021}

###### 

List of primer sequences

  Genes     Primer sequences
  --------- ------------------------
            
  *Bax*     F-CCTTCCCACTGCTTTCATG
            R-ACCACCAGTCCCACATACA
  *Bcl-2*   F-CGAGCGGGAAGTCTTTGAA
            R-GTGCTGTTGTTGGACGTCTT
  *Cyt-c*   F-CCAGTCTTATGCTTGCCTCC
            R-GGACGTCTGTCTTCGAGTCC
  *GAPDH*   F-CAGTCAGCCGCATCTTCTTT
            R-GCCCAATACGACCAAATCC

**Abbreviations:** F, forward; R, reverse.
